Lake Agmon is a newly created shallow body of water which is a principle component of a reclamation project (Hula Project, HP) in the Hula Valley (Israel). The objectives of the HP are aimed at Lake Kinneret water quality protection, and improvements of the hydrological, and agricultural managements within the entire Hula Valley including the eco-touristic quality of the Agmon site. Thirteen years of research and monitoring, are summarized by focusing on nitrogen and phosphorus dynamics. It was found that the decay of submerged vegetation was the major P contribution to the Agmon effluents as dissolved (TDP) and plant debris particle forms. Peat soil gypsum dissolution contribute sulfate to drained waters and consequently to Agmon outflows. The Agmon system is operated as a nitrogen sink by de-nitrification and particulate sedimentation and contributor of plant mediated phosphorus. In the reconstructed Jordan flows into the Agmon, a stable composition of nutrients was indicated but those of the peat drainage and the lake effluents represented the higher level in winter and lower in summer. Anoxic conditions in the water column enhancing sulfate reduction are negligible and rarely observed. The Agmon merit to the reclamation process was achieved.
Introduction
Lake Agmon is a newly created shallow body of water located in the middle part of the Hula Valley. The Hula region is part on the northern section of the great Syrian-African Rift Valley. The location of the man-made Lake Agmon was selected due to its position of the lowest regional altitude [1] . The objectives of Lake Agmon creation were aimed at three achievements [2] : 1) nutrients removal from the Lake Kinneret external loads; 2) to produce an ecological component for eco-tourism within the multi-functioned system of the Hula Project; 3) as a principle component for the hydrological management and agricultural irrigation system for the entire valley [2] - [4] . Until late fifties of the previous century, the Hula Valley was covered by swamps and old Lake Hula [5] . From 1958, the entire land of the Hula Valley was converted to agricultural area but during the 1980's it was found that in 8% of this farmland soil was deteriorated and agricultural development became non-profitable [6] - [8] . That was the reason for implementation of a reclamation proposal the "Hula Project" and construction of Lake Agmon was a part of it [1] [2] . Immediately after filling water in Lake Agmon (presently: volume-0.44 × 10 6 m 3 ; surface area-110 ha, average depth-0.4 m), it was a subject for monitoring and research aimed at evaluating an optimal model of operation. Optimized model of the management of Lake Agmon took into account the following objectives: improvement of irrigation water supply, maintenance of high underground water table ensuring peat soil moisture to prevent its deterioration, and the achievement of a high diversity of re-establishment of natural flora and fauna emphasizing aquatic birds and their nesting activity [2] . This paper is focused on two major issues: nutrient dynamics and the role of biomass and N & P content of macrophytic vegetation within the lake ecosystem [4] .
Methods
The water chemistry, the seasonal distribution of biomass and N & P content of macrophytic plants were routinely monitored on weekly, bi-weekly and monthly basis during 1994-2014 and the discharge of major water sources as well. Sampling frequencies and station locations as well as the analytical methods are given in [9] , and [10] . The method of aquatic plant monitoring is given in [11] . NTU was measured by standard Nephelometric method (Turbidity Meter HATCH Radio XR) and conversion of NTU values (used in this paper) to substance concentration (ppm) was experimentally defined as 1 NTU = 1.62 ppm or 1 ppm = 0.86 NTU. In this paper the focus is given to three water sources in the Hula Valley [12] : 1) The reconstructed Jordan which supply about 50% of the Agmon water budget; 2) The Canal Z which convey peat soil drainage waters into Lake Agmon contributing approximately 50% of its capacity; and 3) the Lake Agmon outflow. For the presentation of nutrients mass balance in Lake Agmon the year 2005 was selected. Contribution of peat drainage waters not only through Canal Z but also from an eastern soil block was included but was found to be negligible.
Results
The relations between nutrient concentrations in the three sources (Canal Z, Reconstructed Jordan and Agmon Outflow) are presented in Table 1 and Figures 1-3 . These figures were plotted as nutrient couples evaluations where the independent variable (X axis) in ascent order and the predicted dependent variable (Y axis) respectively using Fractional Polynomial Method. Results in Table 1 represent significance level of the direct proportion relation level between NTU & TP, NTU & TP, and SO 4 & TDS in peat drained waters conveyed through Canal Z and in the Agmon effluents. The relations between NTU and TP are inversely related but insignificant. Figure 1 and Figure 2 show the direct proportional relations between these nutrients.
The origin of P in Canal Z is probably due mostly to geochemical processes and not erosive trait and therefore P concentration is not correlate with NTU level. It is suggested that the load of P in the waters of the Reconstructed Jordan and Agmon outflow is latent mostly within suspended particles: clay particles originate from erosion activity in the Jordan waters and plant debris in the Agmon outflow. Inverse relations were indicated between TN and TP in Canal Z waters which is in consent with the documented seasonal changes (Figures 1-5) . Low P and high N in winter and vice versa in summer [12] . In the three water sources direct proportions were indicated between sulfate and TDS concentrations as a result of SO 4 being the principle component which is accompanied by carbonates. Along the flow route of the Reconstructed Jordan waters, the dominant process affecting concentration changes of nutrients is probably particle sedimentation but not of chemical trait resulted in high stability of nutrient relations. The consistent relations between nitrogen forms conclusively justify an indication that nitrogen originate from one source, the peat soil. Results indicate that the differences between summer and winter are not significant in the waters of Reconstructed Jordan.
The summer decline of nitrogen, sulfate and TDS and elevation of Phosphorus in Canal Z source are prominently shown in Table 4 [12] .
Results given in Table 4 prominently indicates summer increase of NTU and Phosphorus (TP and TDP) concentrations which are the results of the degradation of submerged plants in the Lake [13] - [16] . On the other hand the summer concentrations of nitrogen forms significantly decline. The summer decline of Sulfate and TDS concentrations and obviously EC values are due to the discharge decline of peat drained waters into the Agmon through Canal Z.
Results given in Table 5 are emphasizing the annual concentrations decline of all nutrients except summer increase of Phosphorus (TP, TDP) in three sources: Insignificant in Reconstructed Jordan and all others-significant (see also Figure 4 and Figure 5) . Results in Table 6 indicate that the TN, TP, Sulfate and Alkalinity loads from Hula East (eastern peat block separately drained) comprised only 5%, 7%, 13%, 6% of the total peat drainage (Canal Z + Hula East) loads of TN, TP, Sulfate and Alkalinity respectively. The low levels of sulfate, TDS, NTU, nitrogen, and EC in Jordan waters which do not contain peat drainage effluents are prominently shown in Table 7 . Higher levels of concentration of sulfate, TDS, NTU, and nitrogen in waters drainage from the eastern peat block of (Hula East) than those measured in Canal Z (Drained from the 
Submerged and Emerged Macrophytes [4] [10]
The study of the submerged and emerged vegetation recorded 10 species of high plants and filamentous algae. Submerge: Potamogeton spp. Ceratophyllum, and Najas spp. Emerge: Phragmites sp., Typha sp. The total biomass (dw) and the content of phosphorus and nitrogen in plant matter was monthly monitored and the results are summarized in Table 8 . The initiation of the aquatic vegetation onset occur usually in April, peaked in JulyAugust than offset begin until dieback disappearance in December. Between December and next April the biomass is negligible.
Results given in Table 4 and 
Discussion
There are two different types of bottom sediments in Lake Agmon: The northern part which is comprised of organic peaty matter and occupy 70% of the surface and the southern part (30%) which is made of chalk-marl [3] . The difference is due to the land cover prior to the drainage. The northern landscape was swampy and the northern part old lake Hula covered the southern part of Lake Agmon. Therefore sediment composition in the northern part of Agmon contain mostly decomposed plant material and in the south sediments are mostly carbonates [3] . Not as in many other wetlands in the world, concentration of sulfate in Lake Agmon is high. The sulfate source is gypsum dissolution. The gypsum was formed in the peat organic soil after the Hula Valley drainage during 1952-1958. The major source of sulfate to Lake Agmon is soluble gypsum in the peat soil. The sulfate is transported to the lake by peat soil drainage waters and minority through advective flux through the bottom. The sulfate is the major merit to the water EC. The sulfate reduction to sulfide which react with ferrous iron and settled as FeS minerals was previously documented [3] . Nevertheless, the consequence of eliminating sulfides toxicity as the reason of plant mortality was predicted [20] - [24] . Dieback of wetlands vegetation is widely known and sulfide toxicity is relevant only if their concentration is much higher than that was measured in the uppermost layer of the Agmon sediments. The submerged macrophytes in Lake Agmon are shallow rooted and the root system of the emergent reeds is deeper. Consequently, nutrient availabilities are probably differ for the shallow and deep rooted vegetation. Immediately after filling Lake Agmon with water in summer 1994 a dense vegetation of Typha domingensis developed in the southern part of the lake on the chalk-marl bottom. The Typha dense stands entirely collapsed and disappeared during the second half of 1996 and partly re-appeared close to the southern shoreline three years later. The effect of Sulfide toxicity and N & P limitations on the offset of Cyperus papyrus was tested [25] . Nitrogen and P limitations were confirmed but Sulfide toxicity was not [25] .
Plant mortality resulted by Sulfide toxicity was not confirmed and P limitation as the reason for the dieback of Typha domingensis in Lake Agmon during 1995 was concluded [7] . The seasonal onset-offset growth cycle of submerged macrophytes other than Typha sp. in Lake Agmon is not related to nutrient limitation, neither P nor N, due to their shallow rooted system. The upper 5 centimeters layer of the bottom sediments is under continuity of settled nutrients renewal which are available to the shallow rooted plants. The upper 5 cm of the bottom sediments over the entire lake contain 600 -990 ppm (mg/Kg dry matter) whilst deeper layers content was varied between 350 -585 ppm [7] . It is also possible that the chemical bounds of P to the sediment particles is not of the same type in deep (>5 cm) and shallow (<5 cm) layers. If the density of the bottom sediments averaged for the whole lake as 1.36 ton/m 3 and water content (porosity) is 50% (data is not given here) and total surface area is 1100 × 10 3 m 2 the P stock in the upper 5 cm of the bottom sediments is 22.4 -37.0 ton P and in the layer 5 cm below is 11.2 -21.9 ton P. The P concentration in the marl bottom is lower than that in the northern organic sediments. Nevertheless, due to chemical differences, the availability of P in the "marl-chalk" sediments is higher than that in the organic peat sediment. Moreover the construction of Lake Agmon exposed the soil to oxygenation enhancing P availability which is optimal for Typha vegetation but the later water cover reduced P availability causing plants collapsing. It is likely that the limiting factor for the shallow rooted submerged macrophytic production in Lake Agmon is not element nutrition but probably thermal and partly light penetration as affected by water depth and clarity. During early stages (1994) (1995) (1996) of Lake Agmon system, an intensive growth production of macrophyte was qualitatively monitored [4] . Later, (1997-2013) a quantitative documentation was initiated [9] [10] . The information about the N and P content of the submerged vegetation accompanied by the seasonal biomass onset-offset cycle of those plants conclusively justify to relate plant mediated P contribution to the Agmon chemical mass balance. The P cycled pathway is outlined as follows: external particulate P is influx into the lake from external sources, and then settled to the upper bottom layer sediments enriching the P stock there. This P stock is partly incorporated by submerged macrophytes which are later dieback, decompose and released P back to the water as particulate and dissolved forms [26] . The contribution of TDP to the Agmon water column via advection flows from bottom upward is probably negligible [3] . Three gram per m 2 per year of plant (Myriophyllum spicatum) mediated P release from bottom sediments into the overlying water was documented [15] . If similar rate is applied to Lake Agmon it makes a total of 3.3 tons of P flux from the bed-sediments to the water column. The P uptake by submerged macrophytes occur through the roots [14] and leaves [27] . The pore waters in Lake Agmon are probably highly richer in P than the overlying waters and the rooted vegetation incorporate their P demands from the interstitial sediments pore waters [14] . This P is released to the water by the plant decay [26] [28] . The P-rich upper 5 cm sediment layer is a benefit for the shallow rooted submerged macrophytes. The development of emerged deep rooted plants as Typha, and partly Phragmites in water covered area is episodic because of P and probably N limitation in sediments depth below 5 cm. Moreover, Typha is known by its high P-demands and P limitation in the deep layers probably create P insufficiency as for Cyperus papayrus for both N and P [25] . The contents of P and N in the peat soil is high. Nevertheless because P is bounbded to organic substances it can be released mostly under low level of moisture when those linkages are breakable. These conditions are common in summer. This is the reason for the high level of P concentrations in the peat drainage waters conveyed through Canal Z in summer [12] . The content of nitrogen compounds (mostly Nitrate) in peat soil is high too but their removal rate by water flushing in winter is high because of their weak adhesive to the peat soil particles. This is the reason for N concentration decline in summer in Canal Z.
The nitrogen cycle in wetlands is dominated by de-nitrification [23] . Due to the high content of organic matter the reducing capacity is large. It was also documented [23] that denitrification can also be controlled by FeS. The FeS controlled de-nitrification is mediated by Sulfur cycle bacteria and stoicheiometric relation exists between nitrate reduced and sulfate produced and the bacteria also use nitrate for their nitrogen demands. The chemical mass balance of Lake Agmon indicates significant surplus outflow of sulfate accompanied by nitrogen retaining, possibly by de-nitrification. Lake Agmon is nitrogen rich in winter due to heavy floods input of nitrates through the Jordan and Canal Z inflows. The concentrations of all nitrogen forms in the Agmon outflow are lower than those measured in the inflows. The nitrogen removal is done within the Agmon waters by denitrification and sedimentation of particles originates mostly from biotic sources.
Summary
Conclusive summary of 20 years of research and monitoring of the Lake Agmon System in the Hula Valley (Israel) has indicated the followings: Lake Agmon is a nitrogen sink by de-nitrification and sedimentation whilst surplus phosphorus is contributed by seasonal onset and offset of submerged and emerged macrophytic vegeta-tion; concentrations of P in the system increase in summer when N is declining; nutrients composition in the reconstructed Jordan are stable as a result of low geochemical activities; SO 4 and carbonates comprise most of the TDS fraction and EC is highly related to their concentration. NTU as converted into ppm units is highly related to P concentration; all nitrogen forms are simultaneously fluctuated.
